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INTRODUCTION

Harford County Department of Public Works (DPW) compiled chemical data from
stormwater samples collected from two stations (001 and 002) in Bel Air,
Maryland in an Access database for the years 1998 through 2004. Station 001
(downstream station) is located upstream at Tollgate Road and station 002
(upstream station) is located downstream from Brentwood Park Drive at the
outfall of a storm water management facility. Stormflow samples were collected
during storm events and baseflow samples were collected monthly. Continuous
Temperature, pH, velocity, flow and precipitation were recorded at the
downstream station for baseflow and stormflow events. Continuous temperature,
pH, velocity, flow were recorded at the outfall station during stormflow events and
monthly baseflow sampling. A summary of each sampling event in 2004 is
presented in Appendix A.

CHEMICAL DATA ANALYSIS

EA Engineering was contracted to conduct comparisons and statistical trend
analyses for samples collected from 1998-2004 the following water quality
parameters.

» 5 Day Biological Oxygen Demand (BOD5)
» Total Kjeldahl Nitrogen (TKN)

» Total Phosphorus (TP)

» Total Copper (Cu)

» Total Cadmium (Cd)

» Total Zinc (Zn)

» Total Lead (Pb)

» Total Suspended Solids (TSS)

* Nitrate plus Nitrite (NO23)

» Total Petroleum Hydrocarbons (TPH)
» Total Phenols (Phenols)

* Fecal Coliform (Fecals)

To compare the water quality parameters between years and to conduct the
statistical analyses, land use data from each station was collected, the runoff
coefficients were estimated, and precipitation data was averaged. Using these
data, an event mean concentration (EMC) was calculated and compared to
Maryland Department of the Environment (MDE) water quality criteria, NPDES
data from Maryland and Nationwide Urban Runoff Program (NURP) data.
Finally, statistical comparisons were conducted to determine a correlation
between stations using benthic data collected by Harford County DPW and
pollutant loads were determined for each station and compared to adjacent
watershed in Maryland.



Land Use

The existing land use codes, land use categories and land use acreage for each
station is presented in Table 1. The total drainage area for station 001 is 169.09
acres and the drainage area for station 002 is 79.02 acres (Figure 1).

Table 1
Land Use Code, Land Use Category and Land Use Acreage
Land Use Land Use Land Use
Station®® Code Category Land Use Acreage
Low Density
001 11 Residential Residential 35.11
Medium
Density
001 12 Residential Residential 56.44
High Density
001 13 Residential Residential 36.96
Medium
Density
002 12 Residential Residential 49.56
High Density
002 13 Residential Residential 15.27
002 18 Urban Open Urban 14.19

(a) Station 001 is designated as the instream and station 002 is designated as
the outfall.

Estimation of Runoff Coefficients

The runoff coefficient from the downstream station 001 was determined
empirically by a regression analysis between measured flow data and
precipitation. The empirical runoff coefficient for 001 was determined to be 0.31.

For station 002, there is insufficient flow data for which to determine the runoff
coefficient empirically. Therefore, the runoff coefficients for station 002 were
estimated based on the impervious area within each zoning category.
Information regarding each zoning category was obtained from the County. The
runoff coefficient for each zoning category was estimated using Equation 3 on
page 5-16 of the “Guidance Manual for the Preparation of Part 2 of the NPDES
Permit Applications for Discharges from Municipal Separate Storm Sewer
Systems”, 1992.
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The runoff coefficient (Rvi) is directly related to imperviousness and land use.
The following equation was used to estimate average runoff coefficients for
percent imperviousness. The land use code, impervious cover and calculated
runoff coefficients are listed in Table 2. Using this method, the runoff coefficient
for 002 was estimated to be 0.29.

Equation 3
RVi =
Where: Ry;=

0.05 + 0.009%

Runoff coefficient
| = Imperviousness area

Table 2
Land Use Code, Impervious Cover and Runoff Coefficient
Station 002
Impervious Cover | Runoff Coefficient
Land Use Code Land Use (%) (Rv))
Low Density
11 Residential 14.3 0.1787
Medium Density
12 Residential 27.8 0.3002
High Density
13 Residential 40.9 0.4181
18 Open Urban 8.6 0.1274

Precipitation

The daily rainfall totals for 2004 are presented in Table 3. The monthly rainfall
totals for 1998-2004 are presented in Appendix A. The rain gauge is located at
the instream station and the measurements are recorded by the SIGMA. During
periods where the SIGMA was not recording data, precipitation data from
Baltimore/Washington International Airport was substituted. The total rainfall

measured by the SIGMA for the year 2004 was 46.61 inches.




Table 3
2004 Daily Rainfall Totals (inches)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0.00 0.10 0.00 1.11 0.00 0.08 0.02 0.22 0.00 0.00 0.00 0.83
0.17 0.03 0.05 0.82 0.39 0.10 0.00 0.00 0.00 0.04 0.00 0.00
0.00 0.93 0.00 0.02 0.65 0.01 0.00 0.00 0.00 0.01 0.00 0.00
0.00 0.00 0.00 0.29 0.00 0.05 0.14 0.03 0.00 0.00 0.96 0.00
0.34 0.00 0.00 0.00 0.01 1.89 0.43 0.01 0.00 0.00 0.00 0.00
0.00 2.03 1.22 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.01 0.11 0.00 0.04 0.00 0.55 0.00 0.00 0.00 0.00 0.34
0.00 0.00 0.04 0.14 0.00 0.00 0.01 0.00 0.23 0.00 0.00 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00 0.61
10 0.00 0.00 0.04 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.36
11 0.00 0.00 0.00 0.03 0.00 0.74 0.00 0.85 0.00 0.00 0.00 0.06
12 0.00 0.00 0.00 1.14 0.00 0.00 196 0.77 0.00 0.00 1.29 0.00
13 0.00 0.00 0.00 0.37 0.00 0.00 0.01 0.14 0.00 0.01 0.06 0.02
14 0.00 0.00 0.00 0.13 0.00 0.98 0.08 0.31 0.00 1.14 0.00 0.00
15 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.07 0.22 0.00 0.00
16 0.00 0.00 0.48 0.00 0.02 0.00 0.00 0.02 0.01 0.17 0.00 0.00
17 0.10 0.00 0.01 0.00 0.06 0.11 0.03 0.00 0.12 0.01 0.00 0.00
18 0.25 0.00 0.19 0.00 0.07 0.00 0.40 0.00 1.82 0.00 0.00 0.00
19 0.00 0.00 0.19 0.00 0.09 0.00 0.00 0.04 0.00 0.36 0.00 0.04
20 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.11 0.28 0.00
21 0.00 0.00 0.01 0.00 0.37 0.00 0.00 0.02 0.00 0.10 0.00 0.00
22 0.00 0.00 0.00 0.00 0.00 0.11 0.04 0.00 0.00 0.03 0.01 0.00
23 0.00 0.00 0.00 0.62 0.00 0.00 0.34 0.00 0.00 0.01 0.00 1.03
24 0.02 0.10 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.39 o0.00
25 0.00 0.00 0.01 0.00 0.74 0.07 0.00 0.00 0.00 0.00 0.04 o0.00
26 0.00 0.00 0.00 0.62 0.06 0.00 0.05 0.00 0.00 0.00 0.00 o0.00
27 0.00 0.00 0.16 0.02 0.00 0.00 3.00 0.00 0.01 0.00 0.21 o0.00
28 0.00 0.00 0.00 0.00 0.03 0.00 0.10 0.00 3.74 0.00 2.02 o0.00
29 0.01 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.02 0.00 o0.00
30 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.07 0.00
31 0.00 0.09 0.10 0.00 0.00 0.00 0.00

OCoOoO~NOOOPRWN-=-

Total 09 32 262 531 298 446 717 242 632 26 533 3.3

Note: Bold values indicate days where the precipitation gauge was
malfunctioning, so precipitation data from BWI was substituted.

Annual Rainfall = 46.61 inches



Event Mean Concentration

The continuous flow data and water quality data were used to estimate an event
mean concentration (EMC) for each parameter during each stormflow and
baseflow event in the year 2004 at stations 001 and 002. The EMCs were based
on storm water samples collected during the rising limb, the peak, and the falling
limb of the storm. Water quality data was evaluated using three substitution
methods for results below the detection limit (DL): (1) zero, (2) one-half of the
DL, and (3) the DL. The results are presented in Tables 4 through 7. Monthly
EMCs for the year 2004 are presented in Tables 8 and 9. The EMCs for the
baseflow and stormflow sampling events from each station is graphed in Figures
2 through 6. The EMC for each parameter was estimated using the formula
below:

EMC = M
2V
t+1/2
V.= O
t=1/2
where:
EMC = event mean concentration
Ci = concentration of the i sample in the storm
Vi = storm flow volume associated with the i"" sample in the storm
Q; = the volume flow rate at time t
Ot = the interval between flow measurements (typically 5-minutes for site
001)

I = the time interval between consecutive samples

Existence of Acute or Chronic Conditions

The EMCs of copper, lead and zinc stormflow and baseflow samples for stations
001 and 002 were compared to the Maryland Department of the Environment
(MDE) acute and chronic freshwater water quality criteria for ambient surface
waters. There was low frequency of detects for cadmium in the stormflow and
baseflow samples for both stations. The estimated EMCs for cadmium were at
or below zero, therefore, the EMCs were not used in the comparisons. The
acute and chronic criteria are listed in Table 10. The data for the year 2004 is
presented in Figure 7 and the comprehensive data for the years 1998-2004 is
presented in Figures 8 through 11. The EMCs compared were calculated using
one half of the detection limit (DL) for concentrations less than the DL.
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Figure 2. Event Mean Concentrations (EMCs) of biological oxygen demand (BOD5) and total suspended
solids (TSS) data. The upstream station (outfall) is a tributary to Winters Run at Brentwood Park Drive,
and the downstream station (instream) is a tributary to Winters Run at Tollgate Road. The EMCs were
calculated based on analysis results of discrete samples collected from baseflow and stormflow sampling
events between April 1998 and December 2004. Data presented is one half of the detection limit (DL) for
concentrations less than the DL. The error bars represent the confidence intervals.
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Figure 3. Event Mean Concentrations (EMCs) of nitrite plus nitrate (NO2NO3), total kjeldahl nitrogen
(TKN) and total phosphorus baseflow and stormflow data. The upstream station (outfall) is a tributary to
Winters Run at Brentwood Park Drive, and the downstream station (instream) is a tributary to Winters
Run at Tollgate Road. The EMCs were calculated based on analysis results of discrete samples
collected from baseflow and stormflow sampling events between April 1998 and December 2004. Data
presented is one half of the detection limit (DL) for concentrations less than the DL. The error bars
represent the confidence intervals.
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Figure 4. Event Mean Concentrations (EMCs) of copper (Cu), lead (Pb) and zinc (Zn) baseflow and
stormflow data. The upstream station (outfall) is a tributary to Winters Run at Brentwood Park Drive, and
the downstream station (instream) is a tributary to Winters Run at Tollgate Road. The EMCs were
calculated based on analysis results of discrete samples collected from baseflow and stormflow sampling
events between April 1998 and December 2004. Data presented is one half of the detection limit (DL) for
concentrations less than the DL. The error bars represent the confidence intervals.
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Figure 5. Event Mean Concentrations (EMCs) of temperature, pH and fecal coliform baseflow and
stormflow data. The upstream station (outfall) is a tributary to Winters Run at Brentwood Park Drive, and
the downstream station (instream) is a tributary to Winters Run at Tollgate Road. The EMCs were
calculated based on analysis results of discrete samples collected from baseflow and stormflow sampling
events between April 1998 and December 2004. Fecal coliform samples were not collected and
analyzed in 1998. The error bars represent the confidence intervals.
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Figure 6. Event Mean Concentrations (EMCs) of total petroleum hydrocarbons (TPH) and total phenols
baseflow and stormflow data. The upstream station (outfall) is a tributary to Winters Run at Brentwood
Park Drive, and the downstream station (instream) is a tributary to Winters Run at Tollgate Road. The
EMCs were calculated based on analysis results of discrete samples collected from baseflow and
stormflow sampling events between April 1998 and December 2004. Data presented is one half of the
detection limit (DL) for concentrations less than the DL. The error bars represent the confidence intervals.
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Figure 7. 2004 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow data from

the upstream (outfall) and downstream station (instream) compared against the Maryland Department of the
Environment (MDE) acute and chronic freshwater water quality criteria for ambient surface waters. Data
presented is on half of the detection limit (DL) for concentrations less than the DL.
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Figure 8. 1998 - 2004 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) baseflow data
from the downstream station (instream) compared against the Maryland Department of the Environment (MDE)
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the
detection limit (DL) for concentrations less than the DL.
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Figure 9. 1998 - 2004 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow
data from the downstream station (instream) compared against the Maryland Department of the Environment
(MDE) acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of
the detection limit (DL) for concentrations less than the DL.
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Figure 10. 1998 - 2004 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) baseflow

data from the upstream station (outfall) compared against the Maryland Department of the Environment (MDE)
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the
detection limit (DL) for concentrations less than the DL.




Copper

0.030
0.025
0.020
0.015
0.010
0.005
0.000

Event Mean Concentration
(mg/L)

1998 1999 2000 2001 2002 2003 2004
Year

Lead

Event Mean Concentration

1998 1999 2000 2001 2002 2003 2004
Year

Zinc

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Event Mean Concentration
(mg/L)

1998 1999 2000 2001 2002 2003 2004
Year

—— MDE Acute Criteria = MDE Chronic Criteria ‘

Figure 11. 1998 - 2004 Event Mean Concentrations (EMCs) of copper (Cu) , lead (Pb) and zinc (Zn) stormflow
data from the upstream station (outfall) compared against the Maryland Department of the Environment (MDE)
acute and chronic freshwater water quality criteria for ambient surface waters. Data presented is on half of the
detection limit (DL) for concentrations less than the DL.




TWOOL/NAIN xxx
sjun ou ,,

4 Bep,

*1Q @Y uey) SS8| suoljeusoUuod Joj () Nwi| uondalep ay Jo Jjey Buisn elep wol) pajenojeo atem (7/6w) sONT mojjeseyg

061 28’9 A1 4 100 g¢c 0100 €000 1000 €000°0 100 0L0 A I I ¥002/0€/1 L
Ll 6¢'.L L'vS 100 N4 0100 €000 1000 €000°0 100 0L0 840 4 I ¥00¢c/c/L1
oLl 8¢’ 8'99G c00 g¢c 0100 €000 1000 €000°0 €00 0L0 €Ll [4 I ¥00¢2/1¢/6
08 YA 8'99 €00 G¢c 0100 €000 1000 €000°0 100 0L0 0oc’t € I ¥002/9¢/8
€6€ AA 99 c00 g¢c 0100 €000 €000 €000°0 c00 06'¢C 0c’t S I ¥00¢2/v2/9
Ll €L Gg'e9 100 G¢ 0100 €000 1000 €000°0 c00 0L0 o'l S I ¥00¢2/v/S
LL) S9°. 8'8G 100 g¢c €100 €000 1000 €000°0 600 0’0 0s°) 4 I v00¢c/eely
Gl 9L A% 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666-  ¥00c/¥e/e
8l 8lL'L 141> €00 g 0100 €000 1000 €000°0 100 0L0 L6} I I ¥00¢2/9¢/¢
l LE°L L'€e 200 G¢ 0100 €000 2000 €000°0 100 0L0 L2¢C l l ¥002/6¢/1
w#xS[E09d ., Hd «dwsl  sjousyd Hdl uz ad no PO dlL NML €CON SS1 ¢aod sjed

(@) Nwi uono8lEp BY) UBY) SSS| SUONEIIUSOUOD J0) 048z Buisn Blep wol) paje|nojeo alem (7/6w) sONT mojjeseyg

061 289 Z'Gy 000 00 0000 0000 0000 00000  LOO 000 na 0 0  ¥00Z/0E/LL
Ll 6E'L L'¥G 000 00 0000 0000  LOO'O 00000  LOO 000 810 ) 0  ¥00Z/Z/LL
oLl 8¢’/ 8'95 200 00 0000 0000  LOO'0O 00000 €00 000 gLl ! 0  ¥00Z/L2/6
08 1G°L 8'99 €00 00 0000 0000 0000 00000  LOO 000 0L € 0  ¥00Z/92/8
€6¢ L 2’59 200 00 0000 0000 €000 00000 200 06'Z 0z'L g 0  ¥00Z/¥2/9
s €T'L §'€9 100 00 0000 0000 0000 00000 200 000 ov'L g L $00Z/¥/S
L1 59/ 8'85 100 00 /000 0000 0000 00000 600 €€0 0S'} ! 0  ¥00Z/2zlv
Gl v9'L Vi 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666-  ¥00Z/¥2/E
8l 8L/ 'Ge €00 00 0000 0000 0000 00000  LOO 000 6L 0 0  ¥002/92/2
! 1€ 1'€€ 200 00 0000 0000  LOO'0O 00000 000 000 122 0 0  $00Z/62/L
S04 ,Hd . dwsl sjousud  HdL uz ad nd PO dlL NML  €ON  SSL  saod aleq
100 uonels

(sD3) suonesusdou0) Ues|N JUBAT Mojjeseq +00Z ‘¥ ol9el

18



TWOOT/NAIN xxx
SHUN OU 4y

4 Bap

*Jd 8y} Ueyl SS8| Suoie.Nuaduod Jo) (a) Hwi| uondelep ay) Buisn erep wolj parenoed alam (7/6w) s Mojeseq

06T 289 [Aci% T0°0 0's 0c00 S00°0 2000 S000°0 T0°0 0c'o YA € [4 ¥00¢/0E/TT
LT 6€L TvS 100 0'S 0200 S00°0 ¢00°0 S000°0 100 0c0o 8.0 € 4 ¥00¢2/¢/TT
OoTT 8¢'L 8'99 ¢0'0 0's 0c00 S00°0 2000 S000°0 €00 0c'o €T'T € [4 ¥00¢/1¢/6
08 YA 899 €00 0'S 0200 S00°0 ¢00°0 S000°0 100 0co 0€'T € 4 700¢2/9¢/8
€6¢€ A 2’99 ¢0'0 0's 0c00 S00°0 ¥00°0 S000°0 ¢0'0 06'¢ 0c'T S [4 ¥00¢/v2/9
LTT [ XAVA 9'€9 100 0'S 0200 S00°0 ¢00°0 S000°0 ¢00 0c0 ov'T S 4 ¥002/v/S
LLT q9°L 8'89 T00 0’9 0200 S00°0 ¢000 S000°0 600 Lv'0 0S'T [4 [4 v0oc/eely
aT ¥9'L viy 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- v00cZ/ve/E
8T 8T'L v'ae €00 0’9 0c00 S00°0 ¢000 S000°0 T0°0 0c'o L6°T € [4 ¥00¢/9¢/¢
[4 LEL T€EE c00 0'S 0200 S00°0 ¢00°0 S000°0 100 0c0 LCC € [4 7002/62/T
«xxS[B094  xxHd «dwal  sjousyd Hdl uz ad no PO dl NML €CON SS1 Sdod aed
T0OO uoniels

(SDINT) suonenuadsuod ues|y WWaAg mojjeseqd +00Z ‘(panunuod) ¢ ajgel

19



TWOOL/NAIN xxx
spunou

4 Bep,

*d 8y} UBY} SS8| SUOIIRIUBUOD 10} () JWi| Uoij8}ep 8y} 4o Jjey Buisn ejep wolj pajenojes alem (7/6w) SOINT MOjJWLIoIS

0 €89 9¢y 100 4 0100 €000 ¥00°0 €000°0 900 L0} 0L 2] L ¥00¢/cc/cl
€69 88'9 L9y 100 4 0100 €000 €000 €000°0 €00 010 L0 9 9 ¥00¢Z/CL/L1L
88yl 10°L 687 100 4 0100 €000 €000 €000°0 ¥0'0 010 €60 9 L v00c/v/L L
4% (A Sv9 €00 4 0100 €000 ¢000 €000°0 100 690 AN 4 4 ¥00¢/8¢/6
0091 0’ 80 100 4 8100 €000 9000 €000°0 L0 4" LG c6 4 ¥002/8/6
816 A 6,9 ¥0°0 4 2100 €000 G000 €000°0 800 €8¢ €e’l L€ € ¥00¢/22/9
118 AVA 90 ¥0'0 4 0100 €000 1000 €000°0 600 Go'L 8¢l 6 L ¥002/01/9
666~ 6l°. 019 €00 4 G200 €000 9000 €000°0 L¥'0 4 €0 698 9 ¥00¢2/v/9
144 889 1'8€ c00 S¢ 9100 €000 €000 €000°0 S0°0 0L0 4l 9l l ¥002/91/€
wxS[e29d  Hd «dwel  sjousyd Hdl uz qd no PO dlL NML €CON SS1 Saod ojed
Al_ﬁ_v JiWi| uoljos)ap 8yl ueyl sss| suoljeljusduod 1oj olaz @C_w: ejep woulj paje|ndjed aiam Al_\acc_v SOIN3 MOjjwi0)1S
0 €8'9 9¢y 000 00 0000 0000 ¥00°0 00000 S0°0 €0’} AN 2] 0 ¥00¢/ec/cl
€69 88'9 L9y 100 00 0000 0000 €000 00000 €00 000 L0 9 9 ¥00¢Z/CL/L1L
88yl 10°L 687 100 00 0000 0000 €000 00000 ¥0'0 000 €60 9 Ll ¥00C/v/L L
4% (A Sv9 €00 00 0000 0000 1000 00000 100 690 0L I 4 ¥00¢/8¢/6
0091 0’ 80 000 00 €100 0000 9000 00000 LE0 4" LG c6 L ¥00¢/8/6
816 A 6,9 ¥0'0 00 0100 0000 G000 00000 800 €8¢ €e’l L€ € ¥00¢/22/9
118 A2 90 ¥0'0 00 0000 0000 0000 00000 600 0L 8¢l 6 0 ¥002/01/9
666- 6l°. 019 €00 00 0200 0000 9000 00000 L¥'0 44 €0 698 9 ¥00¢2/v/9
144 889 1'8€ c00 00 ¢loo 0000 €000 00000 S0°0 000 4l 9l l ¥002/91/€
wxS[e29d  Hd «dwel  sjousyd Hdl uz aqd no PO dlL NML €CON SS1 Saod ojed
100 uonels

(SOW3) SUONEIUSDOUOD UES JUSBAT MOJWLIOIS H00Z 'S SlqeL

20



TWOOT/NAW s
SHUN OU

4 bap «

@ 8y Uey SSa| SUONEAUS2UO0D J0o} () 1wi| uondalap ayl Buisn elep wol parenofes alam (7/6w) SHNT MOIWI0IS

0 €8'9 9¢cy T0'0 0's 0c00 S00°0 000 S000°0 900 0T'T L0°T ¥S 4 ¥00¢/ee/cT
€69 88'9 9oy T00 0's 0c00 S00°0 €000 S000°0 €00 0co 1.0 9 9 ¥00¢/CT/TT
8871 T0°L 6'8Y 100 0's 0c00 S00°0 €000 S000°0 700 0co €50 L 1T ¥00C/VITT
18 7L S'v9 €00 0's 0c00 S00°0 ¢000 S000°0 T0'0 690 L0°T 4 € ¥00¢/8¢/6
009T c0’L 8'0L 100 0's ¢c00 S00°0 9000 S000°0 €0 28T 19T c6 € ¥00¢/8/6
816 [4A 4 6'/9 700 0's €200 S00°0 S00°0 S000°0 800 €8¢ €eT TE € ¥00¢/2¢/9
L/8 . 9'0L 700 0's 0c00 S00°0 ¢000 S000°0 600 L0°T 8c'T 6 [4 ¥00¢/0T/9
666- 6T°L 0’19 €00 0's 6¢00 S00°0 9000 S000°0 Tv'o 6v'¢ €L0 68 9 ¥00¢/¥/9
144 88'9 1'8¢€ ¢c0'0 0's 0c00 S00°0 €000 S000°0 S0°0 0co ¢S'T 9T [4 ¥002/9T/€
#xS[€28]  xHd «dwal  sjousayd Hdl uz ad no PO dlL NAL €CON SS1 Saod |red
TOO uonels

(SDINT) suoireuadUoD US| JUSAT MOJWIOIS 002 “(Panunuod) g ajgel

21



TWOOL/NAWN s

sjyunou ,,
4 Bep ,

*a 8y} uey) Ss8| suoienuasuod Joj () Wi uonaalep ay Jo Jjey Buisn elep wol) pajenojes atem (7/6w) sONT mojieseyg

e z€9 L'vy 100 5 0l00 €000  L0OO  €0000  LOO 0L'0 0z'L b Z  v00Z/0S/LL
L plL 9Ly 100 ¥4 0l00 €000  LOOO  €0000  LOO 0L'0 100 b L v002Z/2/LL
002 €69 1'8S 00 5 0L00 €000  L0OO  €0000 900 0L'0 €00 € L ¥002Z/L2/6
74 86'9 Z's9 00 ¥4 0l00 €000  LOOO  €0000 €00 0L'0 500 8 L ¥002/92/8
L0b 9L 0'29 200 5 0L00 €000  L0OO  €0000  ¥0°0 08'Z €00 S L ¥002/¥e/9
LEL 60'8 8'69 200 ¥4 0l00 €000  LOOO  €0000 €00 020 AN b Z  vooTIviS
%% 00°Z 9'%9 €00 4 0L00 €000  LOOO  €0000 200 0L'0 160 b L v002Z/2ely
! 89'/ 1’8y 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666-  Y00Z/VC/E
g 1G°L b've 500 ¥4 0l00 €000  LOOO  €0000 200 €50 0L} b L ¥002/92/2
! 00°Z 'Ze 200 5T O¥0'0 €000  LOOO  €0000  LOO 010 122 L I ¥002/62/)
SE%94 ,Hd . dwel sjousyd  HdL uz ad no %) dL NML  €ZON SsL  saogd aleq
Al_ﬁ_v Jiwi| uoijos)sp 8yl ueyj sss| suoljeljusduod 1oj olez @C_WD ejep woulj paje|nojed alam Al_\mc._v SOIN3 Mojjeseg
e z€9 L'vy 000 00 0000 0000  LOOO 00000  LOO 000 0z'L 0 L ¥00Z/0E/LL
L pLL 9Ly 000 00 0000 0000 0000 00000  LOO 000 100 0 0  v00Z/2Z/LL
002 €69 1'8S 00 00 0000 0000 0000 00000 900 000 000 z 0  002Z/LT/6
74 86'9 Z's9 00 00 0000 0000 0000 00000 €00 000 500 8 0  ¥002/92/8
L0b 9T'L 029 200 00 0000 0000 0000 00000  #00 08'Z 000 S 0  ¥00Z/¥e/9
LEL 60'8 8'69 200 00 0000 0000 0000 00000 €00 €90 AN 0 L v002Z/YIS
%% 00°Z 9'%9 €00 00 0000 0000 0000 00000 20O 000 160 0 0  v00Z/Zely
0 89'/ 1’8y 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666-  Y00Z/VC/E
g 161 b've 500 00 0000 0000 0000 00000 200 L¥'0 0L} 0 0  ¥002/92/2
0 00°Z 'Ze 200 00 0¥0'0 0000 0000 00000 000 000 122 0 0  ¥002/62/L
.SE%94  ,Hd . dwel sjousyd  HdL uz ad nd %) dlL NML  €ZON SsL  saog aleq
200 uonels

(sDN3) suonesusduO) UeB|N JUBAT Mojjeseq +00Z ‘9 algel

22



TWOOT/NAW xxx

SHUN OU 4y
4 Bep «

@ ay1 Ueyl SSa| SUONBUS2UO0I 10} (@) Wi uondalep ayl buisn erep woly parenofes alam (7/6w) sONT mopeseg

19174 ce9 Tvy T00 0's 0200 S00°0 ¢000 SG000°0 T0°0 0c'0 0cT € € ¥00¢/0E/TT
1T V1L 9Ly T0°0 0's 0200 S00°0 ¢000 S000°0 T0°0 0co L0°0 € 4 ¥002/2/TT
00¢ €69 L85 00 0's 0200 S00°0 ¢000 SG000°0 900 0co S0°0 € 4 ¥00¢/1¢/6
T4 869 ¢'99 Y00 0's 0200 S00°0 ¢000 G000°0 €00 0co S0°0 8 4 ¥00¢/9¢/8
L0T 9¢'L 029 c00 0's 0200 G000 ¢000 G000°0 00 08¢ S0°0 S 4 ¥00¢/v¢/9
LET 608 8'69 c00 0's 0200 S00°0 ¢000 SG000°0 €00 LL'0 ¢T’o € 4 ¥00¢/¥/S
v 00, 979 €00 0's 0200 S00°0 ¢000 SG000°0 L0°0 0co 150 € 4 v00¢/ecly
4 89°2 T8y 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666-  v00c/ve/E
S LS. v've S0°0 0's 0200 S00°0 ¢000 G000°0 ¢0'0 090 0L'T € 4 ¥00¢/9¢/¢
[4 00, v'ce c00 0'S 0v0'0 S00°0 ¢c000 G000°0 T0°0 0co X4 € [4 ¥002/62/T
»xxS[€J9- sHd «dwal  sjousyd Hdl uz ad no po dlL NAL €CON SS1L Saod aled
¢00 uonelrs

(SDINT) suoireuaduo) Ul USAT Molaseqd £00g (peanunuod) 9 ajqe L

23



TWOOL/NAIN xxx
spunou ,,

4 Bep,

*d 8y} UBY} SS8| SUOIIRJIUSUOD J0J () JWi| Uoijo8)ep 8y} 4o Jiey Buisn ejep wolj paje|nojes alem (7/6w) SOINT MOjJWLIoIS

666- €69 96y ¥9°0 g 0200 €000 c000 €000°0 G00 oc’L €90 cs I ¥00¢/€c/el
0601 AR 6'vy 100 g €100 €000 €000 €000°0 Y00 0G0 Ga'o ol S ¥00¢2/CL/LL
6cll 0c’. L8y 100 Gg¢c ¢loo €000 €000 €000°0 G00 €v'0 20 g 14 ¥00Z/v/L L
0091 889 666~ Y00 Gg¢c L€00 €000 c000 €000°0 ¢eo €60 L€0 Ge Gl ¥00¢2/8¢/6
0091 ¢L9 666~ Y00 Gg¢c 8€0°0 €000 G000 €000°0 90 vee 12740 €e¢ 8¢ ¥00¢2/8/6
0091 299 celL G00 N4 100 €000 c000 €000°0 200 96'¢C 8¢0 8l 8 ¥00¢/2¢/9
0811 SL'. L'V €00 Gg¢c GL00 €000 1000 €000°0 820 LLL L0 18 € ¥00¢2/01/9
666- gG'.L [ArAY) 100 Gg¢c ¥10°0 €000 c000 €000°0 600 08l €90 0¢ 4 ¥00¢2/v/9
9¢ 96°2L G'/€ c00 ¢ SL0°0 €000 €000 €000°0 €00 0L0 0L 4 I ¥002/91/€
«S[E094 L, Hd «dwa]  sjousyd Hdl uz ad no PO dlL NML €CON SS1 Saod ojed
Al_ﬁ_v JiWli| uonjos)eap syl ueyy sss| suoljeljusduod 1oj olaz @C_WD ejep woulj paje|nojed aiam Al_\acc_v SOINT MOjjwi0lS
666- €69 96y ¥9°0 00 GL00 0000 c000 00000 G00 oc’L €90 cs 0 ¥00¢/€c/cl
0601 [ARY) 6'vy 100 00 1000 0000 €000 00000 Y00 €v'o Ga'o ol S ¥00¢2/CL/LL
6cll 0c’. L8y 100 00 ¥00°0 0000 €000 00000 G00 9¢'0 €20 g 14 ¥00Z/v/L L
0091 889 666- 00 00 L€00 0000 1000 00000 ¢eo 060 L€0 Ge Gl ¥00¢/8¢/6
0091 ¢L9 666- Y00 00 Ge0'0 0000 G000 00000 90 vee 0 €e¢ 8¢ ¥00¢/8/6
0091 299 ¢l G00 00 1100 0000 1000 00000 200 96'¢C €0 8l 8 ¥00¢/2¢/9
0811 SL'L L' €00 00 800°0 0000 0000 00000 820 €Ll 10 08 4 ¥002/01/9
666- gg'. [ArAY) 100 00 9000 0000 1000 00000 600 08l 190 4 I ¥00¢2/v/9
9¢ 96°.L G'/€ c00 00 0100 0000 €000 00000 €00 000 0L 4 0 ¥002/91/€
«S[E094 L, Hd «dwa]  sjousyd Hdl uz ad no PO dlL NML €CON SS1 Saod ojed
€00 uones

(SOW3) SUONEIUSDOUOD UES JUSBAT MOJJWLIOIS $00Z *Z SlqeL

24



TWOOL/NAIN xxx
sjunou ,,

4 Bep,

*d 8y} Uey) SS8| SUOIIRJUBOUOD 10} () JWi| Uoioslep ay) Buisn ejep wod) pale|nojes atem (7/6wW) SN MOWIO)S

666- €69 96y ¥9°0 0's ¥20°0 G000 c000 G000°0 G00 oc’L €90 cs 4 ¥00¢/€c/cl
0601 [ARY) 6'vy 100 0'S 0200 G000 €000 G000°0 Y00 160 Ga'o Ll S ¥00¢2/CL/LL
6cll 0c’. L8y 100 0's 0200 G000 ¥00°0 G000°0 G00 0G0 20 9 S ¥00Z/v/L L
0091 889 666- 00 0's L€00 G000 €000 G000°0 €20 960 L€0 Ge Gl ¥00¢/8¢/6
0091 ¢L9 666- Y00 0'S 0+0°0 G000 G000 G000°0 90 vee 0 €e¢ 6¢ ¥00¢/8/6
0091 299 ¢l G00 0'S ¥20°0 G000 €000 G000°0 200 96'¢C 6€0 8l 8 ¥00¢/2¢/9
0811 SL'L L' €00 0's €200 G000 c000 G000°0 820 lc'l 10 18 14 ¥002/01/9
666- gg'. [ArAY) 100 0'S €200 G000 €000 G000°0 600 08l ¥9°0 4 € ¥00¢2/v/9
9¢ 96°.L G'/€ c00 0's 0200 S00°0 €000 S000°0 €00 020 0L g [4 ¥002/91/€
«S[E094 L, Hd «dwa]  sjousyd Hdl uz ad no PO dlL NML €CON SS1 Saod ojed
¢00 uonels

(SDOINT) suonesuasuo) Ues\ JUSAT MOWIOIS 002 "(penunuoo) J sjgel

25



"1 8y} UBY} SSB| SUOIRIIUSOUOD J0j () HWl| UOI}0a}ap 8y} Jo jiey Buisn eyep wouly paje|nojes aam (/6w) sONT Alyuon

TWOOL/NAIN xxx
sjun ou ,,

4 Bep,

0 €8'9 9¢y 100 °x4 0100 €000 ¥00°0 €000°0 900 L0} L0} 12°] 2 NHO1S ¢l
0601 ¥6'9 Sy 100 °x4 0100 €000 €000 €000°0 ¥0°0 oL0 29’0 9 6 NHO1S b
0l L. L6V 100 °x4 0100 €000 1000 €000°0 100 oLo ¢l (4 2 MO143Svd b
90¢I 102 yAVA] ¢00 °x4 100 €000 ¥00°0 €000°0 910 et 6¢’'l Ly 4 NHO1S 6
oLl 8¢'L 899 ¢00 °x4 0100 €000 1000 €000°0 €00 0L0 €Ll [4 2 MO143Svd 6
08 1972 899 €00 °x4 0100 €000 10070 €000°0 100 oLo oc’t € 2 MO143Svd 8
868 AA 629 ¥0°0 °x4 2100 €000 G000 €000°0 60°0 6v°C el L€ € NHO1S 9
€6€ A2 (A1) ¢00 °x4 0100 €000 €000 €000°0 ¢00 06'¢ 0c't S 2 MO143Svd 9
LLL €¢'L G'€9 100 °x4 0100 €000 10070 €000°0 ¢00 0L0 ov'l S 2 MO143Svd S
111 S9'.L 8'8G 100 °x4 €100 €000 1000 €000°0 60°0 0v'0 0s°t 4 2 MO143Sve 4
Gy 88'9 1'8€ ¢00 x4 9100 €000 €000 €000°0 G0'0 0L0 4N 9l l NHO1S €
Sl Y9'L viv 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- MO143Svd €
8l 8lL'L L'EVvL €00 x4 0100 €000 1000 €000°0 100 0L0 16} 3 I MO143Svd [4
3 1€°L L€ ¢00 S¢ 0100 €000 ¢00°0 €000°0 100 0L0 12¢C 3 I MO143Svd 3
«SIB094  ,,Hd «dwa]  sjousyd Hdl uz ad no PO dlL NML €CON SS1 ¢aod adA] juang UIuo

@ JWi| UOIOB}EP BY} UBY} SSB| SUOIBIIUSOUOD J0} 019Z Buisn Bjep wolj pajeinojes asom (7/6w) sONT AlUluop

0 €8'9 9¢y 000 00 0000 0000 ¥00°0 00000 G0'0 €0’} L0} 12°] 0 NHO1S ¢l
0601 ¥6'9 Sy 100 00 0000 0000 €000 00000 ¥0°0 000 29’0 9 6 NHO1S b
0l L. L6V 000 00 0000 0000 0000 00000 100 000 ¢l 3 0 MO143Sve b
90¢i 10°L YAVA] ¢00 00 2000 0000 ¥00°0 00000 910 et 6¢'l o l NHO1S 6
oLt 8¢'L 899 ¢00 00 0000 0000 1000 00000 €00 000 €Ll 3 0 MO143Svd 6
08 YA 899 €00 00 0000 0000 0000 00000 100 000 oc’t € 0 MO143Svd 8
868 A2 629 ¥0°0 00 0100 0000 G000 00000 600 6v°C €el L€ € NHO1S 9
€6€ AA (A1) ¢00 00 0000 0000 €000 00000 ¢00 06'¢ 0c't S 0 MO143Svd 9
LLL €¢'L G'€9 100 00 0000 0000 0000 00000 ¢00 000 o'l S l MO143Sve S
111 G9'.L 8'8G 100 00 12000 0000 0000 00000 600 €€0 0s°t 3 0 MO143Svd 4
Gy 88'9 1'8€ ¢00 00 ¢loo 0000 €000 00000 G0'0 000 4N 9l l NHO1S €
Sl Y9'L viv 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- 666- MO143Svd €
8l 8lL'L L'EvL €00 00 0000 0000 0000 00000 100 000 167} 0 0 MO143Svd 4
3 JASpA L€ ¢00 00 0000 0000 10070 00000 000 000 12¢C 0 0 MO143Svd 3
wSIB094  ,,Hd «dwa]  sjousyd Hdl uz ad no PO dlL NML €CON SS1 Saod adA] juang UIUoN
100 uonels

(SOW3) suonesusduoy uesy JuaAs AlUIUON ¥00Z '8 dIdeL

©
N



TWOOL/NAN xxx

sjun ou
4 Bep,

"1 @Y} UBY} SS8| SUOIJEIUSIUOD Joj () MW UoRo8I8p 8y} 40 ey Buisn eyep woly pajenojes atem (7/6w) sONT Alyjuon

666- €69 9SGy ¥9°0 G'¢ 0200 €000 ¢00°0 €000°0 S0°0 oc’t €90 4] l NHO1S ¢l
6011 98'9 891 100 G'¢ €100 €000 €000 €000°0 ¥0°0 Lv'0 6€°0 8 S NHO1S L
lC €9 8'Gy 100 G'¢ 0100 €000 10070 €000°0 100 oL0 €90 l l MO143Svd L
0091 08'9 666- ¥0°0 G'¢ €00 €000 €000 €000°0 [44\] 80°¢C 8¢°0 el 1C NHO1S 6
00¢ €69 189 ¥0°0 G'¢ 0100 €000 10070 €000°0 900 0L0 €00 € l MO143Svd 6
14 869 (A1) ¥0°0 G'¢ 0100 €000 10070 €000°0 €00 0L0 S0°0 8 l MO143Svd 8
06€l 66’2 L'V €00 G'¢ GL00 €000 ¢00°0 €000°0 600 08’} 8¢°0 0¢ € NHO1S 9
101 9. 029 c00 G'¢ 0100 €000 1000 €000°0 ¥0°0 08¢ €00 S 2 MO143Sve 9
€1 60'8 869 c00 G'¢ 0100 €000 10070 €000°0 €00 0.0 cLo I 4 MO143Svd S
4% 002 9'v9 €00 G'¢ 0100 €000 10070 €000°0 1200 0L0 160 I I MO143Svd 14
9¢ 96'. G.E c00 G'¢ GL00 €000 €000 €000°0 €00 0L0 y0'L 14 I NHO1S €
3 89°/ 14 666- 666~ 666- 666- 666- 666- 666- 666- 666- 666- 666- MO143Svd €

S 1972 v've G0°0 G'¢ 0100 €000 10070 €000°0 c00 €60 0L} I 2 MO143Sve 4

3 00°Z &4 c00 G'¢ 0100 €000 10070 €000°0 10°0 0L0 12T } } MO143Svd }

»#+S|€094 wHd «dwal  sjouayd HdLl uz ad no PO dlL NML €CON SS1 Saod adA] Juang YIUoN
(@) Hwi| uonoalep By} UBY) SS| SUONEIUSIUOD 10} 048Z Buisn Bjep wolj payendjed asam (7/6w) sON3 Auiuo
666- €6'9 96y ¥9°0 00 GL00 0000 2000 00000 G0°0 oc’t €90 4] 0 NHO1S ¢l
6011 98'9 891 100 00 G000 0000 €000 00000 ¥0°0 0v'0 6€°0 8 14 NHO1S L
lc €19 8'Gy 000 00 0000 0000 0000 00000 100 000 €90 0 I MO143Svd L
0091 08'9 666- ¥0°0 00 €€0°0 0000 €000 00000 [44\] 1.0¢C 8¢°0 vel lc NHO1S 6
00¢ €69 189 ¥0°0 00 0000 0000 0000 00000 900 000 000 4 0 MO143Sve 6
514 869 (A1) ¥0°0 00 0000 0000 0000 00000 €00 000 G0°0 8 0 MO143Svd 8
06€l 66’2 L'V €00 00 8000 0000 1000 00000 600 08’} €0 0¢ 4 NHO1S 9
101 9L 029 c00 00 0000 0000 0000 00000 ¥0°0 08¢ 000 S 0 MO143Svd 9
€1 60'8 869 c00 00 0000 0000 0000 00000 €00 €90 cLo 0 l MO143Svd S
4% 002 979 €00 00 0000 0000 0000 00000 200 000 160 0 0 MO143Svd 14
9¢ 96 G.E c00 00 0100 0000 €000 00000 €00 000 ¥0'L 14 0 NHO1S €
0 89°/ 14 666- 666- 666- 666- 666~ 666- 666- 666- 666- 666- 666- MO143Svd €
S 1972 v've G0°0 00 0000 0000 0000 00000 c00 Lv°0 0L} 0 0 MO143Svd 4
0 00°Z &4 c00 00 0100 0000 0000 00000 000 000 12T 0 0 MO143Svd I
»#xS|€094 wHd «dwa]  sjouayd HdLl uz ad no PO dlL NML €CON SS1 Saod adA] Juang YIUoN
€00 uonels

(SOW3) suonesusduoy uesy JuaAl AlUIUOW ¥00Z "6 dIdeL

N~
AN



Table 10
Maryland Freshwater Water Quality Criteria
for Ambient Surface Waters (mg/L)

Parameter Name Acute Criteria Chronic Criteria
Total Cadmium 0.0043 0.0022
Total Copper 0.013 0.009
Total Lead 0.065 0.0025
Total Zinc 0.12 0.12

Code of Maryland Regulations, 26.08.02, Water Quality. Maryland Department of
the Environment, Baltimore, Maryland.
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Comparison of EMCs with Maryland National Pollutant Discharge
Elimination System (NPDES) and Nationwide Urban Runoff Program
(NURP)

Average yearly EMCs for stations 001 and 002 were compared to NPDES from
Maryland and NURP (EPA, 1983). This information was derived from the
Maryland’s NPDES Municipal Stormwater Monitoring, Maryland Department of
the Environment, Water Management Administration, 1997 (Table 7, pg. 16).
The 2004 data is presented in Table 11 and the comprehensive data from 1998-
2003 is located in Appendix A. The average yearly EMCs are significantly lower
than the Maryland NPDES EMCs and NURP EMCs with the exception of nitrate
plus nitrite.
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Table 11

Comparison of 2004 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Average
Yearly Maryland | NURP Residential
EMC NPDES EMCs
Parameter (mg/L) (mg/L) (mg/L)
Upstream Station (Outfall)
Biological Oxygen Demand 4.03 14.26 11
Total Suspended Solids 19.88 55.08 140
Nitrate plus Nitrite 0.44 0.97 0.96
Total Kjeldahl Nitrogen 1.13 1.75 2.35
Total Phosphorus 0.07 0.37 0.47
Total Phenols 0.034 0.0022 --
Total Cadmium 0.00 0.00004 --
Total Copper 0.002 0.0141 0.05
Total Lead 0.00 0.0057 0.18
Total Zinc 0.010 0.0893 0.18
Fecal Coliform (MPN/mL) 1179.53 2309.12 --
Downstream Station (Instream)
Biological Oxygen Demand 1.54 14.26 11
Total Suspended Solids 16.04 55.08 140
Nitrate plus Nitrite 1.07 0.97 0.96
Total Kjeldahl Nitrogen 1.03 1.75 2.35
Total Phosphorus 0.05 0.37 0.47
Total Phenols 0.018 0.0022 --
Total Cadmium 0.00 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.00 0.0057 0.18
Total Zinc 0.00 0.0893 0.18

Note: Bold and shaded values represent exceedences.
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Correlation between Stations and Benthic Data using Pearson Product
Moment Correlation

A correlation matrix was computed using the Pearson Product Moment
correlation coefficients for all constituent pairs and the benthic data.

The benthic macroinvertebrates observed at three stations from the County’s
ambient monitoring program (Figure 12) were compared using the metrics and
data analysis following the Maryland Biological Stream Survey (MBSS) program
guidance documents. Metrics were used to calculate the Index of Biotic Integrity
(IBI) for the Piedmont or Non-Coastal Plain per the MBSS guidance (Stribling et
al 1998). Based on scoring criteria established by MBSS, the IBI values were
calculated and scores assigned to each sampling station.

HBI IBI %URI

Statio
Year |[Season| n |Score|Class| Score | Class | Score Class

Approaching
2004 |SPRING| 001 | 2.94 |Good| 2.48 Poor | 96.93 | Attainable
Approaching
2004 |SPRING| 002 | 2.75 |Good| 2.26 Poor | 88.25 | Attainable
Approaching
2004 | FALL | 001 | 2.56 |Good| 2.04 Poor | 79.57 | Attainable
Very Improvement
2004 | FALL | 002 | 2.43 |Good| 1.44 Poor | 56.42 Needed

In addition to the selected metrics used in the IBI, the Hilsenhoff Biotic Index
(HBI) was also calculated as an indicator of the biological condition of the
streams surveyed. The HBI is most useful for discerning degradation due to
organic pollutants. The HBI values were calculated and rated according to the
categories adopted by MBSS.

HBI scores rated the downstream and upstream station as good during the
spring and fall season. The low scores during this study period and the lack of
taxa tolerant at high organic levels indicate that organic pollution does not appear
to be an issue according to the HBI scores.

IBI scores on average rated the downstream and upstream station as very poor
or poor during the spring and fall season. Results of statistically analysis
(Wilcoxon Rank-Sum) indicated that the IBI scores in the upstream station were
significantly lower than the scores in downstream station.

The IBI data was compared to the urban reference condition in Maryland using
the urban reference index (URI). During the fall sampling period, most stations
were rated as approaching attainable community in the urban environment. In
the spring, most stations were rated, as improvement needed.
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The results of the Pearson product moment correlation are presented in Table
12.

Comparisons and Trend Analysis

A variance component model was used to conduct spatial and temporal trend
analysis of EMCs. The variance component model included fixed effect terms for
the two sampling stations 001 and 002, seasonal cyclicality, and temporal trend.
The model also included random effect terms attributed to sample year and
residual sampling error. The variance component model is given by the
following:

EMC =B, +Byp\p X YEAR +Bgp o + By + N

+
(0,0vgar) N(O’O—RES]DUAL)

where
EMC = event mean concentration
YEAR =  calendar year of EMC
B, = model intercept
Bypar = temporal trend
Bynrr 1 season = winter
B if season = sprin
Bgagon =  season effect{ ~NC prng
Buyver  1f s€ason = summer
Bias if season = fall
B,, ifsite =001
Bgpason = season effect o
B,, ifsite =002
N, = random year effect, distributed normally with mean of 0 and variance of ayzear
Nge., = residual error, distributed normally with mean of 0 and variance of o, ? dual

Once the model coefficients have been determined, the trend line was computed

by zeroing the random effect components N, ,and N, ..

The results of the trend analysis are presented in Appendix B. A declining trend
is observed in the biological oxygen demand, total suspended solids, total
kjeldahl nitrogen, total phosphorus, total copper and, total zinc EMCs. There is
no apparent trend in the nitrate and total nitrogen EMCs. There was strong
seasonality in fecal coliform with concentrations during the summer months
about 10 times higher than the rest of the year.
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Table 12
Pearson Correlation Coefficients of EMCs to Benthic Metrics

Parameter | Station Variable HBI 1Bl URI

BOD5 001 EMC NDO 0.10 -0.08 -0.08
BOD5 001 EMC_NDHalfDL 0.12 -0.06 -0.06
BOD5 002 EMC NDO 0.21 0.02 0.02
BOD5 002 EMC_NDHalfDL 0.22 0.07 0.07
Cd 001 EMC NDO -0.05 -0.17 -0.17
Cd 001 EMC_NDHalfDL -0.05 -0.17 -0.17
Cd 002 EMC NDO -0.31 -0.23 -0.23
Cd 002 EMC_NDHalfDL -0.31 -0.23 -0.23
Cu 001 EMC NDO -0.30 0.45 0.45
Cu 001 EMC_NDHalfDL -0.25 0.43 0.43
Cu 002 EMC NDO 0.54 0.04 0.04
Cu 002 EMC_NDHalfDL 0.54 0.06 0.06
Fecals 001 EMC NDO -0.15 -0.45 -0.45
Fecals 001 EMC_NDHalfDL -0.15 -0.45 -0.45
Fecals 002 EMC NDO 0.33 -0.11 -0.11
Fecals 002 EMC_NDHalfDL 0.33 -0.11 -0.11
NO23 001 EMC NDO -0.25 0.45 0.45
NO23 001 EMC_NDHalfDL -0.23 0.44 0.44
NO23 002 EMC NDO -0.19 -0.47 -0.47
NO23 002 EMC_NDHalfDL -0.18 -0.47 -0.47
Pb 001 EMC NDO 0.20 0.31 0.31
Pb 001 EMC_NDHalfDL -0.07 0.25 0.25
Pb 002 EMC NDO 0.44 0.15 0.15
Pb 002 EMC_NDHalfDL -0.10 0.22 0.22
Phenols 001 EMC NDO 0.15 -0.22 -0.22
Phenols 001 EMC_NDHalfDL 0.23 -0.55 -0.55
Phenols 002 EMC NDO -0.29 0.01 0.01
Phenols 002 EMC_NDHalfDL -0.32 -0.16 -0.16
Temp 001 EMC NDO -0.05 0.47 0.47
Temp 001 EMC_NDHalfDL -0.05 0.47 0.47
Temp 002 EMC NDO 0.15 0.67 0.67
Temp 002 EMC_NDHalfDL 0.15 0.67 0.67
TKN 001 EMC NDO 0.02 -0.10 -0.10
TKN 001 EMC_NDHalfDL 0.14 -0.17 -0.17
TKN 002 EMC NDO 0.04 0.44 0.44
TKN 002 EMC_NDHalfDL 0.15 0.31 0.31
TN 001 EMC NDO -0.23 0.38 0.38
TN 001 EMC_NDHalfDL -0.17 0.36 0.36
TN 002 EMC NDO -0.18 -0.20 -0.20
TN 002 EMC_NDHalfDL -0.10 -0.32 -0.32
TP 001 EMC NDO -0.38 0.64 0.64
TP 001 EMC_NDHalfDL -0.36 0.63 0.63
TP 002 EMC NDO 0.21 0.40 0.40
TP 002 EMC_NDHalfDL 0.22 0.38 0.38
TPH 001 EMC NDO -0.11 0.24 0.24
TPH 001 EMC_NDHalfDL -0.17 0.13 0.13
TPH 002 EMC NDO 0.40 0.37 0.37
TPH 002 EMC_NDHalfDL 0.45 0.37 0.37
TSS 001 EMC NDO -0.05 0.61 0.61
TSS 001 EMC_NDHalfDL -0.05 0.61 0.61
TSS 002 EMC NDO 0.49 0.20 0.20
TSS 002 EMC_NDHalfDL 0.49 0.20 0.20
Zn 001 EMC NDO -0.39 0.36 0.36
Zn 001 EMC_NDHalfDL -0.59 0.40 0.40
Zn 002 EMC NDO 0.20 -0.06 -0.06
Zn 002 EMC_NDHalfDL 0.13 0.00 0.00

Note: Bolded values are significant at the 95% significance level.
HBI = Hilsenhoff Biotic Index

IBI = Index of Biotic Integrity
URI = %Urban Rference Index
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Pollutant Loads
The method used to determine the pollutant loading for each station is based on
the Simple Method (Schueler, 1987). The Simple Method is given by the
following equation:

L =112*P*CF*Rv;*C{*A*2.72

Where: L; = Annual pollutant load (Ibs/outfall/yr)
P = Annual precipitation (in/yr)

Pj = Proportion storms where runoff occurs

Rvi = Weighted Runoff coefficient for the area served by the outfall
Ci = Event Mean Concentration of pollutant (mg/L)

A;i = Catchment area (acres)

1/12 = Conversion factor
2.72 = Conversion factor

The parameter Pj was determined by calculating the proportion of storms that
produced runoff for the period between 1998 through 2004. The value of Pj was
found to be 0.95.

The continuous streamflow and water-quality data from the upstream location
were used to estimate the loads. Annual and seasonal pollutant loads were
calculated based on based on data using zero for concentrations less than the
detection limit (DL) (nd=0), and half of the DL for concentrations less than the DL
(nd=1/2DL). Loading rates and yields were also determined. The data is
presented in Tables 13 through 16.

Comparison with available NPS Data

The annual loading yields (Ibs/acre/yr) for total kjeldahl nitrogen (TKN); nitrate
plus nitrite (NO2NO3) and total phosphorus were compared to nitrogen and
phosphorus loading rates (Ibs/acre) for selected watersheds in Maryland
(Aberdeen Proving Ground, Bynum Run and Lower Winters Run). The
information was downloaded from the website:
http://www.dnr.state.md.us/bay/czm/nps/. The yields compared were calculated
using one half of the detection limit (DL) for concentrations less than the DL. The
information is presented in Figures 13 and 14. The Watershed profiles for
Aberdeen Proving Ground, Bynum Run and Lower Winters Run are in Appendix
C.
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Comparison of Total Phosphorus Data to Non-Point Source (NPS) Data
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Figure 13. Total phosphorus loading rates (Ibs/acre/yr) of the upstream (outfall) and downstream (instream)
station compared to phosphorus loading rates (Ibs/acre) of the Aberdeen Proving Ground (APG), Bynum Run
and Lower Winters Run Watershed. The calculated loading rates were derived using one half of the detection

limit (DL) for concentrations less than the DL. The information was dowloaded from the website:

http://www.dnr.state.md.us/bay/czm/nps/.
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Comparison of Total Kjeldahl Nitrogen and Nitrate + Nitrite Data

to Non-Point Source (NPS) Data

Total Kjeldahl Nitrogen

N
o

-
(o)}
I

-
N

©

Loading Rate (Ibs/acrelyr)

-

| ml

| ol

| el |

1998 1999 2000 2001 2002 2003 2004
Nitrate plus Nitrite
20
S 16
8
2 12
2 _
e 8-
£
® 4
o
-l
0
1998 1999 2000 2001 2002 2003 2004
I Downstream (001) E= Upstream (002) = Lower Winters Run ===Bynum Run ——APG ‘

Figure 14. Total kjeldahl nitrogen and nitrate plus nitrite loading rates (Ibs/acre/yr) of the upstream (outfall) and

downstream (instream) station compared to total nitrogen loading rates (Ibs/acre) of the Aberdeen Proving

Ground (APG), Bynum Run and Lower Winters Run Watershed. The calculated loading rates were derived using
one half of the detection limit (DL) for concentrations less than the DL. The information was dowloaded from the

website: http://www.dnr.state.md.us/bay/czm/nps/.
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Table A-5. 1998 - 2004 Monthly Rainfall Totals (inches)
Harford County: Trib to Winters Run at Tollgate Road

Month 1998 1999 2000 2001 2002 2003 2004
1 --- 4.88 --- 2.85 1.78 2.24 0.9
2 --- 2.83 1.59 24 0.16 1.64 3.2
3 --- 3.75 2.52 5.5 2.89 4.6 2.62
4 0.32 2.62 3.22 1.81 2.21 1.87 5.31
5 6.67 1.52 2.74 4.24 2.73 0.83 2.98
6 2.25 242 1.91 3.41 3.17 3.38 4.46
7 2.94 2.02 5.77 0 2.1 3.61 717
8 5.12 5.74 3.06 3.46 2.63 5.9 2.42
9 1.97 12.84 3.61 4.4 4.46 9.28 6.32
10 2.82 4.14 0.27 0.92 3.74 6.94 26
11 1.33 2.74 2.38 1.49 0.25 3.44 5.33
12 0.96 3.4 2.91 1.57 5.25 — 3.3

Total Rainfall (inches) 24.38 489 2998 32.05 3137 43.73 46.61

--- represents missing data
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Table A-6. Comparison of 1998-2003 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Yearly Average EMC Maryland NPDES NURP Residential EMCs

Parameter (mg/L) (mg/L) (mg/L)
1998 Upstream Station (Outfall)
Biological Oxygen Demand 2.54 14.26 11
Total Suspended Solids 21.14 55.08 140
Nitrate plus Nitrite NC 0.97 0.96
Total Kjeldahl Nitrogen 0.62 1.75 2.35
Total Phosphorus 0.13 0.37 0.47
Total Petroleum Hydrocarbons 0.002 -- -
Total Phenols 0.003 0.0022 -
Total Cadmium NC 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.026 0.0893 0.18
1998 Downstream Station (Instream)
Biological Oxygen Demand 4.22 14.26 11
Total Suspended Solids 63.63 55.08 140
Nitrate plus Nitrite NC 0.97 0.96
Total Kjeldahl Nitrogen 0.60 1.75 2.35
Total Phosphorus 0.11 0.37 0.47
Total Petroleum Hydrocarbons 0.076 -- -
Total Phenols 0.010 0.0022 -
Total Cadmium NC 0.00004 --
Total Copper 0.003 0.0141 0.05
Total Lead 0.0007 0.0057 0.18
Total Zinc 0.014 0.0893 0.18
1999 Upstream Station (Outfall)
Biological Oxygen Demand 1.26 14.26 11
Total Suspended Solids 28.13 55.08 140
Nitrate plus Nitrite 1.31 0.97 0.96
Total Kjeldahl Nitrogen 0.40 1.75 2.35
Total Phosphorus 0.14 0.37 0.47
Total Petroleum Hydrocarbons 0.70 -- -
Total Phenols 0.024 0.0022 -
Total Cadmium NC 0.00004
Total Copper 0.003 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.020 0.0893 0.18
Fecal Coliform (MPN/mL) 899.76 2309.12 --
1999 Downstream Station (Instream)
Biological Oxygen Demand 3.22 14.26 11
Total Suspended Solids 30.90 55.08 140
Nitrate plus Nitrite 1.30 0.97 0.96
Total Kjeldahl Nitrogen 0.46 1.75 2.35
Total Phosphorus 0.05 0.37 0.47
Total Petroleum Hydrocarbons 1.08 -- --
Total Phenols 0.015 0.0022 -
Total Cadmium NC 0.00004 -
Total Copper 0.004 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.011 0.0893 0.18
Fecal Coliform (MPN/mL) 852.08 2309.12

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water
Management Administration. 49



Table A-6. Comparison of 1998-2003 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Yearly Average EMC Maryland NPDES NURP Residential EMCs

Parameter (mg/L) (mg/L) (mg/L)
2000 Upstream Station (Outfall)
Biological Oxygen Demand 1.99 14.26 11
Total Suspended Solids 14.94 55.08 140
Nitrate plus Nitrite 0.90 0.97 0.96
Total Kjeldahl Nitrogen 0.34 1.75 2.35
Total Phosphorus 0.10 0.37 0.47
Total Petroleum Hydrocarbons 0.193 -- -
Total Phenols 0.003 0.0022 -
Total Cadmium 0.0002 0.00004 -
Total Copper 0.003 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.015 0.0893 0.18
Fecal Coliform (MPN/mL) 222.08 2309.12 --
2000 Downstream Station (Instream)
Biological Oxygen Demand 1.93 14.26 11
Total Suspended Solids 15.07 55.08 140
Nitrate plus Nitrite 1.26 0.97 0.96
Total Kjeldahl Nitrogen 0.30 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 0.716 -- --
Total Phenols NC 0.0022
Total Cadmium NC 0.00004
Total Copper 0.004 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.009 0.0893 0.18
Fecal Coliform (MPN/mL) 104.49 2309.12
2001 Upstream Station (Outfall)
Biological Oxygen Demand 2.55 14.26 11
Total Suspended Solids 28.81 55.08 140
Nitrate plus Nitrite 0.66 0.97 0.96
Total Kjeldahl Nitrogen 0.40 1.75 2.35
Total Phosphorus 0.10 0.37 0.47
Total Petroleum Hydrocarbons 5.677 -- -
Total Phenols 0.026 0.0022
Total Cadmium NC 0.00004
Total Copper 0.003 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.020 0.0893 0.18
Fecal Coliform (MPN/mL) 269.90 2309.12 --
2001 Downstream Station (Instream)
Biological Oxygen Demand 2.23 14.26 11
Total Suspended Solids 39.17 55.08 140
Nitrate plus Nitrite 1.68 0.97 0.96
Total Kjeldahl Nitrogen 0.20 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 5.809 -- --
Total Phenols 0.024 0.0022
Total Cadmium 0.00002 0.00004
Total Copper 0.005 0.0141 0.05
Total Lead 0.0007 0.0057 0.18
Total Zinc 0.012 0.0893 0.18
Fecal Coliform (MPN/mL) 324.52 2309.12

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water
Management Administration. 50



Table A-6. Comparison of 1998-2003 Event Mean Concentrations (EMCs)
with Maryland NPDES EMCs and NURP Residential EMCs

Yearly Average EMC Maryland NPDES NURP Residential EMCs

Parameter (mg/L) (mg/L) (mg/L)
2002 Upstream Station (Outfall)
Biological Oxygen Demand 0.50 14.26 11
Total Suspended Solids 11.97 55.08 140
Nitrate plus Nitrite 0.58 0.97 0.96
Total Kjeldahl Nitrogen 0.38 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 3.53 -- -
Total Phenols 0.023 0.0022
Total Cadmium 0.000002 0.00004
Total Copper 0.003 0.0141 0.05
Total Lead 0.0002 0.0057 0.18
Total Zinc 0.022 0.0893 0.18
Fecal Coliform (MPN/mL) 660.68 2309.12 --
2002 Downstream Station (Instream)
Biological Oxygen Demand 0.99 14.26 11
Total Suspended Solids 39.07 55.08 140
Nitrate plus Nitrite 1.08 0.97 0.96
Total Kjeldahl Nitrogen 0.21 1.75 2.35
Total Phosphorus 0.08 0.37 0.47
Total Petroleum Hydrocarbons 3.83 -- --
Total Phenols 0.024 0.0022 -
Total Cadmium 0.00001 0.00004
Total Copper 0.005 0.0141 0.05
Total Lead 0.0005 0.0057 0.18
Total Zinc 0.011 0.0893 0.18
Fecal Coliform (MPN/mL) 485.68 2309.12
2003 Upstream Station (Outfall)
Biological Oxygen Demand 3.09 14.26 11
Total Suspended Solids 10.97 55.08 140
Nitrate plus Nitrite 1.37 0.97 0.96
Total Kjeldahl Nitrogen 0.25 1.75 2.35
Total Phosphorus 0.04 0.37 0.47
Total Petroleum Hydrocarbons 0.45 -- -
Total Phenols 0.011 0.0022 -
Total Cadmium 0.00000 0.00004 --
Total Copper 0.004 0.0141 0.05
Total Lead 0.0001 0.0057 0.18
Total Zinc 0.016 0.0893 0.18
Fecal Coliform (MPN/mL) 586.81 2309.12 --
2003 Downstream Station (Instream)
Biological Oxygen Demand 3.04 14.26 11
Total Suspended Solids 23.06 55.08 140
Nitrate plus Nitrite 1.62 0.97 0.96
Total Kjeldahl Nitrogen 0.14 1.75 2.35
Total Phosphorus 0.04 0.37 0.47
Total Petroleum Hydrocarbons 0.61 -- --
Total Phenols 0.001 0.0022 -
Total Cadmium 0.11905 0.00004 --
Total Copper 0.005 0.0141 0.05
Total Lead 0.0003 0.0057 0.18
Total Zinc 0.008 0.0893 0.18
Fecal Coliform (MPN/mL) 594.09 2309.12 --

Maryland's National Pollutant Discharge Elimination System Municipal Stormwater Monitoring, 1997. Maryland Department of the Environment Water
Management Administration. 51



Appendix B
Trend Analysis Graphs

52



200 10} dUIT puaIL
100 40} BUIT puIL
200 ¥& DN
100 ¥& DN

|
4

- #0-AON
- v0-Aeiy
- £0-98Q
- go-une

- ¢0-99d

- co-unp

)

[0

Q@

o

=
I

areq wliols

- 66-99d

- 66-unf

86-Inr

000

¥00¢ Joquieidas g
B NYO1SS0¥00Z ueng

.|0‘

L4

- 00°G

al 0001

- 00°Gl

- 00°0C

- 00°G¢

- 00°0¢

- 00°GE

- 000

- 00°GY

SOINT puerwaq uabAxQ [eaibojoig Jo SIsAjeuy puall

(/6w) oIN3

53



200 10} auI puaiL
100 40} BUIT puaIL
200 ¥ O3
100 ¥ O3

|
L 4

¥0-AON

areg wiois

86-Inr

@) [ W) [ lw) [ @) [
(0] c (0] c 9] c o c
Q 7 Q 2 Q 7 Q 7
o o o o o o o o
@ @ N N = = o o
| | | | |
. %

L 4

8661 1snbny oL
S86Z0 JUSAT o

~ 001

- 00C

- 00€

- 00¥

- 009

- 009

SDOINT Sp!j0S papuadsng [e10]1 JO SIsAjeuy puail

(1/6w) DN3

54



€00 404 surq puall
100 104 |uI] puai]
€00 ¥ DN
100 ¥& ONS

|
L 4

¥0-AON

areq wiols

- £0-99Q
- go-unr
- 20-92Q
- zo-unp

- 10-99d
- 1o-unp
- 00-99d

- 66-unf
- 86-990

86-Inr

000

8661 AInr 0g
Sg6L01usAgy H

- 0C'0

- 0v'0

- 090

- 08°0

- 00°L

- 02'L

SOINT shioydsoyd [eiol

10 sIsAleuy puail

(1/6w) DN3

95



aleq Wio1s

zZ < W] o o [ o [ o [ o [ w)] o
o Q (0] c D c D c [0} [ [0} c D c
< < Q S (o] =} (o] =} (@] S (@] S (o] =
S S S S S S S S S S o o © ©
N N w w N N - - o o © © (0] [oF]
| | | | | | | | | | | | | o
- Gl
Z00 Joj surjpualy - - - - - - o
10O 40} 8uIT pual] *
Z001ONT =
L1001 DONT e - G2
- 0¢
‘ B mm
L00Z AelN ZZ - OF
S10v0 uaAg
|
L Gp

SOINT Su0QJe20IpAH WNaj0118d [e101 1O SisAjeuy puail

(1/6w) DN3
56



areq wiols

O o o [ o [ w) (= O
@ c ® c ® c @ c @
Q 7 Q ? Q ? Q 7 Q
S o S o = o ©
@ [N} [N = = o ©

| | | | | | |

- 66-unf

- 86-990

86-Inr

000

200 10} UIT pUBIL - - - - - -
100 40} BUIT puaIL
2001 DN m
L001eONT o

6661 J9quadseQ 9
SG66LLIUSAT o

- 050
- 00°)
j 05'}
- 00Z
- 052
- 00°€

- 0G°€

- 00

SOINT uaBoulIN |yeplaly [e101 4o SisAfeuy puall

(1/6w) DN3

57



¢00 Joj surjpual] - - - - - -
100 104 |uI] puai]
c00¥EDNT m
1001 ONT o

areq wiois

pd < @) [ @) [ @) [ @) [ o o @) o
o) ) @ c o) c o) c @ c ® c @

< < o =1 o S o S o] =) o] =1 o c
: : 5 & & & & & 5 X & & & &
| | | ‘ | m | L.’ | | | | | \o

R P oL Y

.l\ aar -2 .- - _‘ |‘||. --"@®" -
e = e gEy w00 ooounﬂo
[N
-V
*

-9

-9

- L

666| J8QUWIBAON ¢
S660) JUsAg n -8
-6
100C sunf g
SLoG0usAg @

-0l

(SON + ZON) SDOW3 @1ellIN 1o sisAjeuy puail

(1/6w) DN3

58



2leq wiols

pd < O [ g [ o . o o o P G F
9) ) @ c & < > < c < c < c )
T < Q 7 Q ? Q 3 o 5 8 S g £
IS g 3 S Q Q S S o S © © © o
B S w w N N = = b) S 8 Q9 © &

| | | | | | | | | | | | } o

200 10§ QUI pUSI] - - - - - - o
L00 Joj dur pusi]
20018 ONT m .
1001BONT o
- g
6661 JOQWBAON Z =
S6601 JU9AT
AT N y
S10S0 Jueng
x4

SOINT uaboulIN [e10] 1o SsisAfeuy puail

(1/6w) DN3
59



€00 404 surq puall
100 104 |uI] puai]
€00 ¥ DN
100 ¥& ONS

|
L 4

areq wiols

- £0-09Q
- go-unr
- 20-92Q
- zo-unr
- 10-08Q
- Lo-unp
- 00-99Q

86-Inr

z
o)
<
o
=

|
9

¥00¢ J8qusdaq ¢¢
WHO1S60100¢ udA3

- ¢0

- €0

- ¥0

- G0

- 90

- 10

SOINT |oudyd [e101 40 sisAfeuy puail

(1/6w) DN3

60



aleg wlols

pd < O [ O o o . o o o r G ..I
9] ) @ c @ c & & S < c < = <
o o o o o o o o o o o o 5 5
IS N w w N N - = S S 3 8 © @

| | | | | | | | | | I | } O

- G000
- 100

200 Jojaurjpusd] - -----

100 Joy auI pual] |
c001DONT = 100
1001 JNT e * . . .

* [
*L 200

8661 dunr o€ |- G200

S8610 JusA3 -

- €00

SOINT J18ddoD Jo sisAjeuy puall

(1/6w) DN3
61



200 40} BUIT pUBIL - - - - - -
100 40} BUIT pualL
20018 ONI =
L0018 ONT o

areq wiols

pd < W] [ W] o w)] [ o [ w)] [ @] o
(o] Q (0] c (0] c D c [0} c D c D c
< < Q@ 3 Q@ 3 Q 3 Q@ 3 Q 3 Q@ T
o o o o o o o o o o [{e] © () [{e]
S N w w N N - - o o © © [o0) [oF]
| | | | | | | | | | | | | o
- 1000
Em gE, 4 W SNl EEE NI SENEE anEm & _ W[ 2000
m E e )
. ||||||||||| \
................. - £00°0
- =L 4000
T N * n - G000
S]Oo8)ap-uou
- 9000
*
- 1000
6661 |unr | *
S66501USAT 4
- 800°0
- 6000

SOINT peaT Jo SisAjeuy puall

(1/6w) DN3

62



areq wiols

pd = @) [ @) @) [ @) [ @) [ @) [ [

o) ) @ c o) @ c @ c @ c @ c )

< < Q 7 Q Q 7 Q 2 Q 7 Q 2 7

o o o o o o o o © © © © ©

= = @ () = = ') ') © © 1o3) 3] 13
| | | | | | | | | | | |

000

- ¢00

- ¥0°0

- 900
200 Joy8uUIrfpudIL - - - - - - ] . . . 900
10O Joj aur puaiL *
Z001ONT = ]
L001IBONT @ - 010
AN
- ¥1°0
8661 AInr 0g
UBA
S86L0USAT m 910
L 810

SOINT 2UlZ JO SISAjeuy puall

(1/6w) DN3
63



- ¥0-Inr

areq wiois

- po-uer
- eo-Inr
- go-uer
- zorInr
- Lo-Inr

- Lo-uer

- 00-Inr

- 00-uer

66-6bny

€00 404 suIq puall
100 104 duI] puai]
€00 ¥ DN
100 ¥& ONS

|
L 4

- 00¢

- 00¥

- 009

- 008

- 0001

- 00C1

- 00v1

- 0091

- 0081

SO WJI0J10D [e294 JO SISAjeuy puall

TWOOT/NdIN

64



areq wiois

€00 puai] Jayiesp 19 M

100 puaiL Jayjespi ISM
¢00 ONT Jayiesp IdsM O
100 O3 19ylesp IS ©

200 puail Jeyleap AiQg- - - - - -

100 puai] Jayjeap\ Aig

c00¥ONd =

L1001 ONT &

s § ¢ § ¢ § £ § &£ § g
S o 5 Z S Z S Z S Z &
N N w w N N — —_ o () [(e]
| | | | | | | | | F
Ha [ ] [ |
[ ] L J *
*
-0l
- 001
- 0001
o O O O ] r
¥ o Bw oo 0o o e &
-~ 00001

suonIpuo) Jayrespn Aig pue 19\ Bulinp wiojjo) [eds4 Jo sisAjeuy puall

TWOOT/NdIN

65



Appendix C
Watershed Profiles
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Watershed Profile

Page 1 of 2

Maryland's Surf Your Watershed - Watershed Profile
Aberdeen Proving Ground

WATERSHED INFORMATION
Maryland 8-Digit Watershed

Code: 02130705
Tributary
Basin: UPPER WESTERN SHORE

NON-TIDAL

WETLAND

REGULATORY ACTIONS
Authorizations by Type (since 1991)

Letter of Authorization
Permit
Emergency Permit

Population (1990 US Census) Authorization to Proceed
1990 Est. Population Density
(Ppl per ac) 0.87 Wetland Impact Data (since 1991)
Acres of Permanent Loss -0.1
1994 Land Use (MdOP Data) Acres of Permitted Mitigation
Urban Acres 8,253 Acres of Programmatic Gains
Agricultural Acres 224 Acres of Other Gains
Forest Acres 8,460
Wetland Acres 3,042 / Net Gain/Loss _0.1
Barren Acres 0]
Total Acres (non-water) 19,979
WATERSHED INDICATORS
Indicator Failed Indicator Select
Restoration Indicators Value Indicator Protection Indicators Value Indicator
Water Quality Aquatic Living Resources
Monitored Nutrient Concentrations Tidal Fish Index of Biotic Integrity
- eutrophication Non-Tidal Instream Habitat Index
- habitat Non-Tidal Fish Index of Biotic Integrity
Modeled Nitrogen Loading Rate per ac. Imperiled Aquatic Species Indicator 0
(Ibs.) 9.32 Migratory Fish Spawning Area 4  Yes
Modeled Phosphorus Loading Rate per ac. Anadromous Fish Index
(Ibs.) 0.32 Wetland-Dependent Species 0.0
Trout Spawning Area
Aquatic Living Resources Fish Hatchery Water Supply
SAV Abundance
SAV Habitat Landscape Parameters
Tidal Benthic Index of Biotic Integrity % Headwater Streams occurring in
Tidal Fish Index of Biotic Integrity Interior Forest 18
Anadromous Fish Index Percent Watershed Forested 46
Non-Tidal Benthic Index of Biotic Integrity 2.57 Wildland Acres (0]
Non-Tidal Fish Index of Biotic Integrity Number of Drinking Water Intakes 0
Non-Tidal Instream Habitat Index Wetlands Acres of Special Concern (0]
Landscape Pararneters Unified Watershed Assessment Categorization
Percent Impervious Surface 31.5 Yes
Population Density (people per land acre) 0.87 Priority Category 1 (Does Not Meet Clean No
Historic Wetland Loss (acres) 258 Water or Natural Resource Goals)
Percent Unforested Stream Buffer 26 Priority Category 2 (Meets Clean Water or No
Soil Erodibility 0.01 Natural Resource Goals)
Select Category 3 (Need for Special Protection No
Clean Water Requirements of Natural Resources)
303d List 2 Yes
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Watershed Profile Page 1 of 2

Maryland's Surf Your Watershed - Watershed Profile
Bynum Run

WATERSHED INFORMATION
Maryland 8-Digit Watershed

NON-TIDAL WETLAND
REGULATORY ACTIONS

que: 02130704 Authorizations by Type (since 1991)
Tributary Letter of Authorization 3
Basin: UPPER WESTERN SHORE Permit 3

Emergency Permit
Population (1990 US Census) Authorization to Proceed

1990 Est. Population Density

(Ppl per ac) 0.81 Wetland Impact Data (since 1991)
Acres of Permanent Loss -4.4
1994 Land Use (MdOP Data) Acres of Permitted Mitigation 3.1
Urban Acres 6,858 Acres of Programmatic Gains
Agricultural Acres 5,521 Acres of Other Gains
Forest Acres 2,011
Wetland Acres 0 Net Gain/Loss -1.2
Barren Acres 176
Total Acres (non-water) 14,566
WATERSHED INDICATORS
Indicator Failed Indicator Select
Restoration Indicators Value Indicator Protection Indicators Value Indicator
Water Quality Aquatic Living Resources
Monitored Nutrient Concentrations Tidal Fish Index of Biotic Integrity
- eutrophication Non-Tidal Instream Habitat Index 6.01
- habitat Non-Tidal Fish Index of Biotic Integrity 8.3 Yes
Modeled Nitrogen Loading Rate per ac. Imperiled Aquatic Species Indicator 0
(Ibs.) 10.94 Yes Migratory Fish Spawning Area 0
Modeled Phosphorus Loading Rate per ac. Anadromous Fish Index
(Ibs.) 0.47 Wetland-Dependent Species 0.0
Trout Spawning Area 0.0
Aquatic Living Resources Fish Hatchery Water Supply
SAV Abundance
SAV Habitat Landscape Parameters
Tidal Benthic Index of Biotic Integrity % Headwater Streams occurring in
Tidal Fish Index of Biotic Integrity Interior Forest 1
Anadromous Fish Index Percent Watershed Forested 33
Non-Tidal Benthic Index of Biotic Integrity 4.3 Wildland Acres (0]
Non-Tidal Fish Index of Biotic Integrity 8.3 Number of Drinking Water Intakes 0
Non-Tidal Instream Habitat Index 6.01 Wetlands Acres of Special Concern 0]

Landscape Parameters

Unified Watershed Assessment Categorization

Percent Impervious Surface 21.1 Yes
Population Density (people per land acre) 0.81 Priority Category 1 (Does Not Meet Clean Yes
Historic Wetland Loss (acres) 3,321 Water or Natural Resource Goals)
Percent Unforested Stream Buffer 70 Yes Priority Category 2 (Meets Clean Water or No
Soil Erodibility 0.34 Yes Natural Resource Goals)

Select Category 3 (Need for Special Protection No
Clean Water Requirements of Natural Resources)
303d List 2 Yes
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Watershed Profile Page 1 of 2

Maryland's Surf Your Watershed - Watershed Profile
Lower Winters Run

WATERSHED INFORMATION
Maryland 8-Digit Watershed

NON-TIDAL WETLAND
REGULATORY ACTIONS

que: 02130702 Authorizations by Type (since 1991)
Tributary Letter of Authorization 1
Basin: UPPER WESTERN SHORE Permit

Emergency Permit
Population (1990 US Census) Authorization to Proceed

1990 Est. Population Density

(Ppl per ac) 0.81 Wetland Impact Data (since 1991)
Acres of Permanent Loss -3.4
1994 Land Use (MdOP Data) Acres of Permitted Mitigation 8.4
Urban Acres 3,142 Acres of Programmatic Gains
Agricultural Acres 1,805 Acres of Other Gains
Forest Acres 3,311
Wetland Acres la4 Net Gain/Loss 5.0
Barren Acres (0}
Total Acres (non-water) 8,402
WATERSHED INDICATORS
Indicator Failed Indicator Select
Restoration Indicators Value Indicator Protection Indicators Value Indicator
Water Quality Aquatic Living Resources
Monitored Nutrient Concentrations Tidal Fish Index of Biotic Integrity
- eutrophication Non-Tidal Instream Habitat Index 6.43
- habitat Non-Tidal Fish Index of Biotic Integrity 8.0
Modeled Nitrogen Loading Rate per ac. Imperiled Aquatic Species Indicator 6 Yes
(Ibs.) 11.54 Yes Migratory Fish Spawning Area 2 Yes
Modeled Phosphorus Loading Rate per ac. Anadromous Fish Index
(Ibs.) 0.38 Wetland-Dependent Species 0.0
Trout Spawning Area 0.0
Aquatic Living Resources Fish Hatchery Water Supply
SAV Abundance
SAV Habitat Landscape Parameters
Tidal Benthic Index of Biotic Integrity % Headwater Streams occurring in
Tidal Fish Index of Biotic Integrity Interior Forest 8
Anadromous Fish Index Percent Watershed Forested 41
Non-Tidal Benthic Index of Biotic Integrity 3.71 Wildland Acres (0]
Non-Tidal Fish Index of Biotic Integrity 8.0 Number of Drinking Water Intakes 1 Yes
Non-Tidal Instream Habitat Index 6.43 Wetlands Acres of Special Concern 0]

Landscape Parameters

Unified Watershed Assessment Categorization

Percent Impervious Surface 18.3 Yes
Population Density (people per land acre) 0.81 Priority Category 1 (Does Not Meet Clean No
Historic Wetland Loss (acres) 3,102 Water or Natural Resource Goals)
Percent Unforested Stream Buffer 34 Priority Category 2 (Meets Clean Water or No
Soil Erodibility 0.33 Yes Natural Resource Goals)

Select Category 3 (Need for Special Protection No
Clean Water Requirements of Natural Resources)
303d List 6]
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